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Southern Spain’s semi-arid habitats are a Mediterranean ecosystem modelled mainly by  historic factors 
which make them unique in comparison with North African deserts. Southern Spanish vertebrates have 
adapted to the recent emergence of semi-arid habitats in varying degrees of success. This  paper reviews 
the current status of these terrestrial vertebrates (amphibians, reptiles, birds and mammals), their origins 
and their main features in  relation to this biogeographic area. The  vertebrate fauna of  the semi-arid 
southeast of  the  Iberian peninsula  differs widely from the  one  in   the  semi-arid  Maghreb mainly 
because the former is composed by  generalist vertebrates and much less  so  by  species adapted to arid 
conditions. Moreover, a large fraction of the vertebrates in the semi-arid Iberia does not exploit the semi- 
arid areas but depends on  riparian and human-managed habitats. The  species diversity is  rather low 
since only a small fraction of Palaearctic, European or  Mediterranean species can  adapt to the ecological 
limitations imposed by  aridity and dwell in  these semi-arid habitats. Such adaptations comprehend 
features like  trophic plasticity,  low morphological  specialization,  high dispersal  ability, shortened  life 
cycles and behavioural mechanisms to exploit the limited resources available. This paper identiﬁes major 
conservation issues and proposes speciﬁc courses of action. 
. 
 
 
 
 
1.  Introduction: the  history of a semi-desert without desert 
vertebrates 
 
The biota of the southeastern Iberian semi-arid habitats and the 
biota of  North African deserts and of  the Middle East  ﬁnd their 
origins in the Mediterranean Sea desiccation during the Messinian 
(5.6  My  BP) (Agustí and Antón, 2002; Vera,  2004). However,  the 
Iberian southeast evolved differently from other western  Palae- 
arctic semi-deserts and true deserts. Firstly,  when the Mediterra- 
nean ﬁlled up  again, the Iberian peninsula became isolated from 
northern Africa as well as from the inﬂuence of the Middle East via 
northern Africa. Also, the impact of cold and wet Pleistocenic cycles 
on  the Iberian southeast was much stronger than on  the Maghreb 
or  the  Middle East.   As  a  result of  both  factors, the  semi-arid 
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environments of today’s Iberian southeast appeared thousands of 
years after the Messinian Crisis. 
In the Atlantic period (7000e5500 years BP), the desert ﬂora was 
conﬁned to the poorest or most saline soils of the Iberian southeast. 
By contrast,  the forests and thick Mediterranean shrubland (Pinus 
halepensis, Olea  europaea,  Pistacia lentiscus, Quercus coccifera) pre- 
vailed except in places with humid soils where riparian forests with 
species of dry  and subhumid ombroclimate grew (Quercus rotun- 
difolia,  Quercus pyrenaica, Quercus faginea, Acer granatensis) (Costa 
et al., 1998; Valle,  2003). The  latter habitats proved crucial for  the 
increase in  biodiversity at  a regional scale,  as  they became lineal 
corridors supporting Mediterranean and Euro-Siberian aquatic and 
forest ﬂora and fauna (Arrébola et al., 2000; Garrido-García, 2008; 
Navarro et al., 1998; Pleguezuelos, 1992). The  semi-arid areas 
developed from the heavy deforestation of the area in  the Bronze 
Age  (1800e1500 B.C.), which caused desert vegetation to spread 
(Burjach et al., 1996; Navarro et al., 1998; Pantaleón-Cano et al., 
2003). Therefore, this region must have had a typically Mediterra- 
nean Iberian vegetation in the middle phase of the Holocene, very 
much like  what can  still  be  found in  the rest of  southern Spain 
 

   
(Costa et al., 1998; Valle,  2003). By contrast,  the vegetation that 
prevails today in  southeastern semi-arid zones consists mainly in 
therophytic grasslands, chamephyte Labiatae and Fabaceae (Genista 
sp., Rosmarinus ofﬁcinalis, Thymus  sp.), open halonitrophilous 
shrubland (Salsola  sp.,  Suaeda sp.,  Atriplex  sp.,  Artemisa barrerieli) 
and  dense  Macrochloa tenacissima (Stipa   tenacissima or  esparto, 
hereafter) and Lygeum spartium. Virtually lacking in any  tree vege- 
tation,  they are,  somewhat justiﬁably,  viewed locally as  ‘deserts’, 
even if they do not belong in the category of Saharo-Sindhic deserts, 
not only  in terms of their rainfall (usually above 200  mm/year) but 
also   of  their  ﬂora  (Charco, 1999).  Actually, these  areas  display 
features of  other originally Mediterranean forest habitats, where 
human activity resulted in  steppiﬁcation and therophytization 
(Quézel and Médail, 2003). These areas should thus be classiﬁed as 
anthropic pseudo-steppes or semi-deserts. 
In  the southeast of  the Iberian peninsula the semi-arid areas 
reached their deﬁnitive conﬁguration in  the Middle Ages,  when 
riparian forests were destroyed by  the increase in  irrigated 
cultivations (Bertrand and Sánchez-Viciana, 2006). This  desertiﬁ- 
cation process and other anthropic inﬂuences had a major impact 
on  vertebrates, as  can  be  seen from the intense mammal fauna 
renewal of  that time (Garrido-García, 2008). These semi-deserts 
are   therefore  young  and  have  clear  anthropic  origins,   which 
brings them  closer to  the formation of  Mediterranean habitats 
than to  the formation of  desert habitats (Blondel and Aronson, 
1999). 
The  above processes have resulted in  a totally different biota 
from  that  of   other  Mediterranean  deserts  and  semi-deserts. 
While endemic desert plants and insects of  Saharo-Sindhic and 
Iranian-Turanic   corology  are   common  in   southeastern  Iberia 
today, the vertebrates feature mainly generalist species typical of 
open or shrubby habitats. The  eremic ﬂora and entomofauna 
survived by adapting both to arid and high mountain habitats, or 
by inhabiting edaphoxeric or halophilous coastal microrefugia. By 
contrast, desert termophilous vertebrates could not adapt to such 
habitats, because the habitats were neither large enough nor 
ecologically diverse enough  to  support them (Barbadillo et al., 
1997; Martí and del  Moral, 2003; Sánchez-Piñero,  2007; Suárez, 
1992).  Actually, the reappearance of  the Mediterranean and the 
quaternary  climatic cycles caused families of vertebrates whose 
evolution is well-known and which today are  common in  North 
African semi-deserts  to disappear  (Agamidae, Chamaeleonidae, 
Varanidae and Erycidae among reptiles, and Gerbilidae among 
mammals)  (Agustí and  Antón,   2002;  Bailón,   1991;  Barbadillo 
et al., 1997). 
It will  be  shown below that semi-arid vertebrate communities 
seem poorer in southeastern Iberia compared with the specialized 
Saharan biotas. Still, it is worth ﬁnding out  how the vertebrates of 
the Iberian southeast adapted to aridity and which type of 
community changes have arisen from the new selective forces 
which gave  rise  to these assemblages. 
 
2.  Fauna composition 
 
2.1.  Amphibians 
 
No  desert amphibian species occur in  the semi-arid zones of 
southeastern Spain. Instead, we  ﬁnd the same species there which 
can  be found in surrounding areas, except with a gradual richness 
impoverishment. This  may be  explained by  the semi-arid charac- 
teristics of southeastern Spain, where aquatic habitats are  scarce, 
and also  by the dependence of most amphibians on the availability 
of  breeding sites to  sustain their populations. In  this geographic 
basin, the number of amphibians tends to  decrease from west to 
east. It shows signiﬁcant correlations with rainfall-related variables 
such that more species coexist in  sites with maximum values of 
absolute rainfall (Real  et al., 1993). 
Based  on  the data of  amphibian distribution (González-Miras 
et  al.,   2003;  Pleguezuelos et  al.,   2002;  Tejedo   et  al.,   2003; 
Torralva  et al.,  2005), and taking into consideration only   areas 
with  mean annual rainfall below 350   mm  (semi-arid  zones  of 
Almería and Murcia provinces), the maximum number of species 
recorded was eight. However,  using a  grid  of  10  × 10  km  UTM 
squares, 17%  of  squares did   not host any   amphibians, and 27% 
included only one  amphibian species (most often, either the Iberian 
water frog, Pelophylax perezi,  or the Natterjack toad, Bufo calamita). 
Only  one   square (0.5%)  included the maximum number of  ﬁve 
coincident species. Similar species richness is found in  semi-arid 
regions of northern Africa  (Bons  and Geniez, 1996; Schleich et al., 
1996). These include two of  the southeastern  Iberian species as 
well as sibling vicarious species that differ from other species of our 
study area only  slightly (e.g.  Alytes  maurus, Pelophylax saharicus, 
Discoglossus pictus  scovazzi) (Bons  and Geniez, 1996). 
The  most frequent species in our  study area, P. perezi,  requires 
stable aquatic habitats. Its  high abundance in  this semi-arid area 
may be  explained in  terms of  human inﬂuence, as  this species 
dwells mainly in man-made watering constructions used for agri- 
culture. The Common toad (Bufo bufo) also reaches high frequencies 
and uses this kind of habitats, as it commonly breeds in permanent 
water bodies. The second dominant species is B. calamita. It can  be 
considered as  the dominant species in  natural aquatic habitats, 
mainly temporary  ponds  with  short  hydroperiods. Other 
amphibian species reach low  frequencies, including species that 
breed typically in  temporary ponds, such as  the Spanish painted 
frog  (Discoglossus jeanneae), the  Parsley frog  (Pelodytes punctatus) 
and the  Mediterranean tree  frog   (Hyla   meridionalis), and  two 
species of midwife toads (genus Alytes) in the limits of their range. 
The  latter two species are  probably associated with artiﬁcial 
constructions. By contrast, in this semi-arid extreme of the Iberian 
peninsula, the absence of  urodeles and Western spadefoot toad 
(Pelobates cultripes), a widespread anuran that needs long  lasting 
temporary ponds for breeding, is a characteristic feature. 
 
2.2.  Reptiles 
 
The  semi-arid southeast of the Iberian peninsula hosts sixteen 
native and four  non-native reptiles, most of the latter due to early 
introductions. This fauna is poorer than the one  in the region at the 
end of the Miocene or during the Pliocene, and it does not include 
any  real  desert species. Reptiles adapted to arid  environments have 
lived in  the Iberian peninsula since the Messinian and probably 
earlier. They  belong to the Agamidae, Chamaeleonidae, Varanidae, 
Erycidae and Elapidae families. Some of these families remained in 
the Iberian peninsula until as  late  as  the lower Pleistocene but, 
apparently,  did   not  survive glaciations (Bailón, 1991;  Barbadillo 
et al., 1997). These families can  currently be  found in  the close 
semi-arid and desert regions of northwestern  Africa. 
Among the native species, six  are  endemic to  the Iberian 
peninsula and ten are  widespread in  the western Mediterranean 
Basin.  Most of the Iberian endemic species (ﬁve out  of six, namely 
the Iberian amphisbenian Blanus  cinereus, the Spanish tree-toed 
skink Chalcides  bedriagai, the  Iberian wall  lizard Podarcis hispan- 
ica,  the Ocellated lizard Timon  lepidus and the Spanish psammo- 
drome Psammodromus hispanicus) have sibling species in northern 
Africa (Blanus  tingitanus, Chalcides  parallelus, Podarcis vaucheri, 
Timon  tangitanus  and Psammodromus microdactylus, respectively). 
This  suggests the importance of vicariant speciation between 
populations  separated  by   the  Strait   of  Gibraltar,   5.3   My   ago. 
However,  the high percentage of  other species in  common with 
northwestern Africa (62.5%) also  suggests overseas migration after 
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the formation of the strait. None of the four  European reptiles relict 
everywhere else in the southern half of the Iberian peninsula (Emys 
orbicularis, Lacerta  schreiberi, Coronella austriaca and Natrix  natrix) 
have populations in the semi-arid southeast. 
 
2.3.  Birds 
 
The species composition and richness of the bird community of 
semi-arid  zones in  the southeast of  the  Iberian peninsula are 
difﬁcult to establish due to the marked bioclimatic and topographic 
changes  caused  by  the  neighbouring mountains (Capel,   1990). 
These changes have dramatic effects on bird communities in short 
distances. 
According to  the basal bioclimatic level  (namely thermomedi- 
terranean, generally the most arid  one  in southeastern  Spain), the 
breeding bird communities comprehend 47  species (Appendix A), 
excluding those which are  characteristic of  wetlands, coasts and 
humanized habitats. The  species richness found here does not 
allow true comparison with the richness of  other  areas. The 
breeding bird atlas of Almería province (Manrique, 1996) and the 
richness distribution according to  altitude show that, by compar- 
ison,   the poorest grids are  those of  the semi-arid thermomedi- 
terranean, whereas the richest grids appear in  higher bioclimatic 
levels. The former are  low-relief and a good part of their surface is 
cultivated. The  latter are  mature, fragmented forests, with shrub- 
land and traditional farmland. Similar results were found by 
Pleguezuelos (1992) in  other parts of  eastern  Andalusia. These 
studies show that a  greater extension of  ramblas may result in 
signiﬁcant increases in bird community richness in the region. 
The  contrast between  the  bird fauna composition of  south- 
eastern Iberian and North African arid  and semi-arid regions also 
depends on  the range of habitats and the spatial scale  under 
consideration in  both areas. According to  the data of ﬂat areas or 
with undulated relief in southeastern Spain (Tellería et al., 1988), of 
northern  African semi-arid  areas  (Blondel, 1962;  Suárez et  al., 
1986), and of the Sahara desert (Suárez, unpubl. results), Saharan 
communities  differ widely from those  of  the Iberian southeast 
(Appendix B). The  estimated concordance between Saharan 
communities and the Iberian southeast is 23% as  measured with 
Cole’s  index (S ¼ 100  × 2  × number of  shared species/(spp a  þ 
spp  b)). Typically Saharan species are virtually missing in Spain (e.g. 
the two species of  genus  Ammomanes, Alaemon   alaudipes, Ram- 
phocoris clotbey,  Sylvia nana, Scotocerca inquieta, etc.;  Appendix B). 
The only  breeding species in both communities are  the Trumpeter 
ﬁnch Bucanetes githagineus, the Black Wheatear Oenanthe leucura, 
the Crested Lark Galerida cristata and the Little  owl  Athene  noctua. 
Remarkably, nearly no  Saharan species are  reported as occasional 
visitors in the peninsula (De Juana, 2006). Greater concordance is 
found between the composition of the southeastern ramblas and 
Saharan oasis,  as a number of species are  in common (e.g.  Turdus 
merula, Luscinia  megarhynchos). 
By contrast, the composition of  pre-Saharan communities in 
Maghreb is rather similar to  that of the Iberian southeast (Cole’s 
index ¼ 72%). In fact  the concordance is greater than that between 
North African arid  and semi-arid areas (Cole’s  index ¼ 36%, 
Appendix B). The  lark   species are   basically the same, although 
Eremophila bilopha is found in northern Africa but  not in the Iberian 
southeast.  Oenanthe species are  more diverse in  northern  Africa 
too: Oenanthe deserti and Oenanthe moesta are  widespread there, 
but  they are  not recorded in  Spain. Saxicola  torquata is  the only 
species which is  relatively frequent  in  Spain (provided medium 
height shrub) and which is not frequent in  pre-Saharan habitats. 
Dupont’s lark  Chersophilus duponti is  an  outstanding case.  Laiolo 
and Tella  (2006a) and Vögeli  et al. (2010) showed that vegetation 
structure   rather   than   ﬂoristic  distribution  inﬂuences  the 
distribution of this bird species at different spatial scales. However, 
García et al. (2008a) suggest some inﬂuence of ﬂoristic composi- 
tion. In Morocco the latter research found the highest density of 
this lark  in well-preserved esparto ﬁelds of S. tenacissima, while in 
the Iberian peninsula the same species uses shrublands except for 
two areas of the southeast, where it uses esparto ﬁelds too (Suárez, 
2010). Remarkably, esparto ﬁelds are  widespread elsewhere in the 
southern half  of the Iberian peninsula. Suárez (2010) has  recently 
suggested that the different distribution pattern in  both regions 
could be due to morphological differences between the populations 
of  the two continents and to the different degree of  vegetation 
cover. The sharp decrease of Ch. duponti in the Iberian southeast is 
discussed in Section 3.3. 
Saharan species are  most probably missing from pre-Saharan 
areas because they are  not adapted to semi-arid habitats or  due 
to competition with the more abundant Mediterranean species 
adapted to  pre-Saharan areas. By contrast, it  is  more difﬁcult to 
explain why  certain  pre-Saharan  species are   not  found in  the 
Iberian  peninsula.  It  can   be   hypothesized that  Maghreb pre- 
Saharan habitats are  much larger than the semi-arid southeastern 
Iberian ones and somewhat more diversiﬁed as regard vegetation 
structure. This  may explain higher species richness and ensuing 
differences in community composition. It can  also  be hypothesized 
that the exchange between the pre-Saharan and the Iberian 
southeastern fauna is weak: the Mediterranean is a constraint on 
genetic ﬂux between areas. Three arguments support the latter 
hypothesis:  i)  the  subspecies of  many  species are   different in 
Morocco and in  Spain, for  example G. cristata (Guillaumet et al., 
2004, 2006); ii)  the only   steppe  species researched for  genetic 
links  between the two areas, Ch. duponti, has  been proved to 
currently have virtually no  genetic ﬂux (García et al., 2008b); and 
iii) few  species of pre-Saharan areas have been recorded in Spain, 
namely Cursorior cursor and O. deserti (De Juana, 2006). 
In a comparison within the limits of the Iberian peninsula, the 
breeding communities of the semi-arid southeast are  very similar 
to the ones in  the Ebro  Valley  (northeast), even if the latter host 
a  species which is  not found in  the southeast, namely Pterocles 
alchata (Hernández and Pelayo, 1987). In turn, one  of the charac- 
teristic species of the southeast, B. githagineus, has been recorded in 
the Ebro  Valley  in the breeding season (Molina et al., 2010). 
The bird communities in southeastern semi-arid Spain are  domi- 
nated by  the Mediterranean and Turkestan-Mediterranean  types, 
with  occasional desert  introgressions (B.  githagineus) and  Euro- 
Siberian and Holarctic introgressions, the latter mainly in the ram- 
blas. Thus, virtually half of the 47 species mentioned at the beginning 
of this section (i.e. 47%) show any  of the former two faunal types of 
distribution. The  European and Turkestan-European species are 
comparatively less frequent (19%, Appendix A). Except for the Palae- 
arctic and Paleoxeric types, the occurrence of species of the remaining 
types is close  to or under 5%. These percentages vary  widely among 
the three more important landscapes: i) natural vegetation plains 
with occasional dry  cereal farming; ii) ramblas with riparian vegeta- 
tion and tree orchards; and iii) sparse olive  and almond trees. Bird 
species in greenhouse cultures are  discussed further below. 
The   ﬁrst  habitat  type  is  dominated  by   Mediterranean and 
Turkestan-Mediterranean faunal types (55%), the remaining types 
being comparatively minor (Ç14%). In the ramblas, the dominating 
type is  also  Mediterranean and Turkestan-Mediterranean (42%). 
The Euro-Turkestan and Palaearctic species reach together 29%. In 
the latter habitat type, the Mediterranean and Turkestan- 
Mediterranean and the European and Euro-Turkestan prevail (43 
and 30%, respectively). The  ramblas therefore foster the northern- 
most species, in contrast to the positive effect of plain areas for the 
Mediterranean species. In the thermomediterranean bioclimatic 
level,  the species richness of ramblas is higher than in plains with 
   
occasional cultivations and in  olive  and almond orchards (31,  22 
and 23 breeding species, respectively). 
The  winter community composition is,  at  least in  the plains, 
similar to  the composition during the breeding season. Still,  the 
winter community hosts a  number of  Euro-Siberian species (e.g. 
Alauda  arvensis and Anthus  pratensis) probably from central and 
northern Europe, as  well as  other species with altitudinal move- 
ments (e.g.  Phoenicurus ochruros) and fringillids (e.g.  Carduelis 
chloris,  Carduelis cannabina and Serinus  serinus) of unknown origin. 
This is different in the pre-Saharan areas (except for C. cannabina, 
which is a common wintering species), where the European species 
are   scarce, whereas  northwards  movements of  Saharan species 
seem to  occur and, at  least in  some years, increase remarkably in 
density in winter (e.g. B. githagineus, R. clotbey  or E. bilopha). 
A major feature of  the landscape in  the semi-arid Iberian 
southeast is the large greenhouse cultivations which started on the 
coast and spread inland recently.  These cultivations  lie  both in 
plains and in ramblas, and they have strong negative effects on bird 
communities: of  the species listed in  Appendix A, only  Galerida 
theklae and Sylvia conspicillata manage to survive in the few shrubs 
remaining next to the greenhouses. 
 
2.4.  Mammals 
 
During the Holocene 60 mammal species lived where the semi- 
arid  region of the southeastern Iberian peninsula lies  today.  This 
species community was under intense anthropic modiﬁcation 
(Garrido-García, 2008; Appendix C), and the biology and degree of 
association with semi-deserts of  the 44  mammal species which 
currently live  in  the area are  poorly known. Micromammals are 
a good example: their scarce diversity in  the south of the Iberian 
peninsula and their frequent association with riparian, agrarian or 
urban habitats account for  the fact  that only  three native species 
(Apodemus sylvaticus, Microtus duodecimcostatus and  Eliomys 
quercinus) and three non-native species (Crocidura russula, Suncus 
etruscus,   Mus    spretus)  have   been   recorded   in    semi-deserts 
(Appendix C, Faus,  1993; García et al., 1987; Garrido-García and 
Nogueras, 2003; Garrido-García et al., 2009; Palomo et al., 2007; 
Vericad et al., 1975). Actually, even such a reduced list  may over- 
estimate the micromammal fauna in some parts for three reasons: 
i) nearly all the records are  based on  Barn  owl  (Tyto  alba) pellets 
collected from perching sites in  semi-arid irrigated ﬁeld ecotones 
and most of the species’ prey come from cultivated ﬁelds (Martínez 
and  Zuberogoitia, 2004); ii)  fruit and seed production in  these 
ecosystems is too low to support large rodent populations, and seed 
and  fruit eating  rodents  are   affected  negatively  (A.  sylvaticus, 
M. spretus), as happens with wintering passerines too  (Hernández- 
Gil et al., 1995; Hódar, 1993); and iii) the interaction between the 
environmental heterogeneity of deserts and speciﬁc ecological 
needs causes each taxon to  appear in  a small fraction of the local 
fauna and, in  turn, local  faunas consist of a small fraction of  the 
regional fauna (Kelt et al., 1996). 
The impoverished fauna of the Iberian southeast, without desert 
species, would strengthen these tendencies. Even  local  ecological 
situations may arise to which no  species may adapt. Research 
conducted in 2008 on  a range of habitats of Hoya  de  Guadix (Gar- 
rido-García, unpubl. results) found some such examples: no 
micromammal was captured, even if the research took place at the 
peak of  the  biological activity (March) and relied on  the most 
efﬁcient trapping method (Garrido-García et al., 2009; Gurnell and 
Flowerdew,  1982). Based   on   signs and  tracks, only   small pop- 
ulations of  M.  duodecimcostatus were recorded associated with 
therophytic meadows of smooth,  silt  substrate slopes and plains. 
These records were later conﬁrmed based on 32 faecal depositions 
of Vulpes vulpes  collected in the area. These depositions contained 
only  remains of this micromammal and rabbits. In nearby Hoya  de 
Baza,  Sherman traps and searches for  signs and traces gave  the 
same results. However, samplings with insect pitfall traps captured 
one   M. spretus,  while S. etruscus are  often captured (Hódar and 
Sánchez Piñero, pers. comm.). 
The data available on the remaining mammals of the semi-arid 
ombroclimate of  the Iberian southeast show three relationships 
with the semi-desert that can  be  evidenced as  three groups 
(Appendix C). Group 1 involves forest or river species which occur 
in   semi-arid  areas  only   occasionally  (Erinaceus  europaeus,   Sus 
scrofa,   Lutra   lutra,  Mustela putorius and  Genetta genetta) (Barea 
et al.,  2004; Garrido-García and  Nogueras, 2003; Palomo et al., 
2007; Wilson and Mittermeier, 2009). 
Group 2 uses semi-arid ecosystems as shelter and breeding sites, 
but  feeds in cultivated land and in river habitats. The most diverse 
and best known of Chiroptera are  the troglophyles (Rhinolophidae, 
Myotis  sp., Miniopterus schreibersii) (Garrido-García and Nogueras, 
2003; Guardiola et al., 1991; Ibáñez et al.,  2005). Leaving aside 
Myotis   daubentonii and  Myotis   capaccinii,  which  specialize in 
aquatic preys (Palomo et al., 2007), and the winter colonies, which 
select their shelters according to  microclimates instead of the 
surrounding  ecology (Ransome, 1990), Chiroptera occur less 
frequently than in  nearby regions. The  few  breeding colonies 
monitored (Rhinolophidae, Myotis blythii,  M. schreibersii) use  semi- 
desert cavities near irrigated land or  near river habitats. The 
remaining records hint either migration pauses between breeding 
and winter shelters or  groups of  males in  suboptimal habitats 
during  the  breeding  season (Ransome, 1990). These Chiroptera 
have a limited capacity to exploit semi-deserts. This is due to their 
foraging strategies, which are  excellent for  hunting in  forests or 
shrubland (foliage-gleaners, ﬂy catchers) but  not in open habitats 
or, in  the case  of M. schreibersii, to  their wing morphology, which 
allows great ﬂight capacity (fast  hawking) and hunting at  night in 
the most productive habitats (forests, river valleys) (Horacek et al., 
2000). Research of  the diet of  a  group of  Myotis   myotis   males 
showed that this species does not prey in semi-deserts but  in irri- 
gated land and mesic habitats  (Garrido-García, 1997). This  group 
includes non-troglophyle bats too: Pipistrellus pygmaeus, which 
specializes in  aquatic diptera, Pipistrellus kuhlii,  whose records in 
the region are  in forests, irrigated land and wetlands, and Tadarida 
teniotis, another fast  hawking (Garrido-García and Nogueras, 2003; 
Palomo et al., 2007). The best known example among carnivores is 
Meles meles: it feeds on fruit and insects in irrigated farmland and 
in   mesic  habitats,  but   dwells  in   semi-deserts  (Rodríguez  and 
Delibes, 1992).  Based   on   the  considerable trophic overlapping 
with badgers in  nearby areas, Martes foina  may behave similarly 
(Barea and Ballesteros, 1999). 
Group 3 comprehends species that have adapted to  semi-arid 
ecosystems.  Among Chiroptera,  slow hawkings prevail (Hypsugo 
savii,  Eptesicus isabellinus). These beneﬁt from their low  speciali- 
zation,  exploit all  the habitats available and are the dominant 
group in  other transitional areas between Eurasian forests and 
semi-deserts (Horacek et al., 2000). Still, the most frequent species 
is  Plecotus  austriacus,  a  highly adaptive species that  hunts  in 
a variety of habitats as a surface forager (soil/foliage gleaner) and 
as  an  aerial hunter.  As  to  the terrestrial mastofauna,  only   four 
herbivores  (Capra pyrenaica, Lepus  granatensis,  Oryctolagus cuni- 
culus and Ammotragus lervia, a Saharan ungulate introduced in the 
region in 1970s) and two carnivores (V. vulpes  and Felis sylvestris) 
can  be  added to  the six  micromammal species above (Garrido- 
García and Nogueras,  2003; Palomo et al.,  2007; Serrano et al., 
2002). Atelerix  algirus is a special case: while it has  been associ- 
ated to  shrubland and cultivated land in  the literature (Palomo 
et  al.,   2007),  it  also   dwells  in   semi-deserts  (Garrido-García, 
unpubl. results). 
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Finally,  it is remarkable how the role  of Carnivora has  changed 
recently due to the sharp decrease in the rabbit population over the 
past 50 years (Palomo et al., 2007). Such  an  ecological catastrophe 
must not only  have proved decisive in  the extinction of the most 
specialized predator in  these semi-arid areas (Lynx pardina) 
(Garrido-García, 2008), but   it  must also  have thrown away the 
mesocarnivores whose diet relies largely on  rabbits (Mustela 
putorius, Meles meles, M. foina)  (Barea and Ballesteros, 1999). Before 
this decrease, such species could include semi-arid habitats in their 
trophic strategies, at least seasonally, thanks to the certainty of the 
abundance of  rabbits, instead of  relying on  them as  shelters or 
avoiding them, as happens today. 
This  description lays  emphasis on  the major features of the 
vertebrates of  the Iberian southeast: they are  species evolved in 
non-eremic ecosystems whose communities have undergone, like 
the rest of the Mediterranean biota, heavy anthropic modiﬁcation 
(Blondel and Aronson, 1999). The  difference is that, in the Iberian 
southeast, this modiﬁcation resulted in severe desertiﬁcation that 
meant another crucial selection stage. Species relied on  their 
adaptability  to   exploit  semi-deserts  (Group 3),  using them  as 
shelter (Group 2),  avoiding them  (Group 1)  or  becoming extin- 
guished when confronting this stage. The  latter three types of 
response and the recent origin of these semi-arid habitats explain 
the  major differences with  older eremic habitats, like   Saharo- 
Sindhic ones  (Agustí and  Antón, 2002;  Kelt  et al.,  1996).  Such 
differences can  be  summarised as structural impoverishment and 
simpliﬁcation, and the  greater importance of  invading  species. 
Their  effects become evident from the comparison between the 
cenograms of the mastofauna of the semi-arid areas of the Iberian 
southeast and those of  the nearest semi-deserts (Fig.  1):  i)  the 
Iberian community is poorer (8 vs. 16  species in the African 
community); ii) the separation between large and small species is 
greater in the Iberian community as a result of the gap  left unﬁlled 
by typically North African species that did  not occupy the Iberian 
southeast (Jaculus, Psammomys, Ctenodactylus, Histryx, Gazella); and 
iii)   the  Iberian  community  displays  the  effects  of   its   major 
anthropic modiﬁcation, for example a rodent community of which 
25% are  non-native species and the complete extinction of  large 
herbivores.   The     latter    was   recently   rebuilt   reintroducing 
C. pyrenaica and importing Ammotragus lervia. 
This description of the mastofauna is based on separate research 
by  one  of  the authors (JAG-G). Further  research is  necessary for 
proper assessment of:  i)  the degree of  integration in  semi-arid 
habitats  by   the  taxons  of   the  regional  mastofauna;  ii)   the 
resources which they obtain from these habitats; and iii) the 
ecological and ethological differences between mastofauna pop- 
ulations and their counterparts of mesic habitats. To this purpose, 
the methods used for  mesic mammals must be  used in  all  semi- 
desert habitats (Barea and Ballesteros, 1999; Garrido-García, 1997, 
2008), and the results obtained must be  supported by analysis of 
the availability of  trophic resources, especially insects, fruits and 
seeds (Hódar, 1993). 
Overall, the vertebrate fauna of the semi-arid southeast of the 
Iberian peninsula shows the following speciﬁc features: i)  its 
taxonomic composition diverges markedly from that of the semi- 
arid   and desertic Maghreb; ii)  the lack  of  desert species sensu 
stricto suggests that some of the ecological niches available may 
remain unoccupied; this would explain the arrival of invading 
species, both reptiles (Mediterranean house gecko Hemidactylus 
turcicus) and, especially, mammals  (Soricidae, Muridae, Atelerix 
algirus, A. lervia).  To a large extent, the success of these invasions is 
just one  more aspect of the intense anthropic effects on the fauna; 
iii) a large part of the vertebrates dwelling in the semi-arid region 
of the Iberian southeast exploit the semi-deserts only  marginally. 
Some species in fact rely on the riparian habitats that cut across the 
semi-deserts (L. lutra, M. putorius, S. scrofa,  E. orbicularis). Most 
vertebrates have eventually become associated with farmland and 
their irrigation systems and can  thus be viewed as anthrophylous 
species. For example, P. perezi and B. bufo rely almost exclusively on 
man-made water bodies, M. meles  and M. foina  feed mainly on the 
fruit of orchards, and nearly all troglophylous bats build their 
colonies next to  the irrigated land where they hunt; iv)  the 
vertebrate fauna of  these semi-arid areas comprehends a  small 
fraction of  the species of  the Iberian southeast, namely the 
Palaearctic,  European  or   Mediterranean vertebrates  that  suc- 
ceeded to adapt to the ecological limitations of aridity. By contrast, 
 
 
 
 
 
Fig. 1.  Cenograms of herbivore mammal communities of semi-arid areas of the region studied and of the nearest semi-deserts (mid-course of Mouluya, northeastern Morocco). The 
cenograms are  comprehensive of the relevance of size  in mammal ecology. They  therefore show the distribution of herbivore species in the community according to their weight, 
which in  turn is related to the climate and the vegetation structure (Valverde, 1964a,b; Legendre, 1986). Axis  Y shows the Ln of weight in  kg. Axis  X shows the species’ rank (in 
descending order) in  the community according to weight. Data of  northeastern  Morocco are  by  Aulagnier  and Thevenot (1986) and Le Berre (1990).  Triangle  ¼ Proboscidea, 
Circle  ¼ Arthiodactyla, Square ¼ Rodentia, Oval  ¼ Lagomorpha. Black  colour shows current native species; white colour in black frame shows extinct species; white colour in grey 
frame shows extinct species which were later reintroduced; grey colour shows allochthonous species. 
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the species that  can   only   exploit mesic forests and  shrubland 
mountain are  missing. 
Some of the former adaptations are  reviewed in Section 3. 
 
3.  Ecological mechanisms of adaptation and organization 
 
3.1.  Amphibians and  the  unpredictability of breeding sites 
 
Most amphibian species depend on the availability of adequate 
water bodies for  reproduction. The  patchy distribution of  many 
species is associated with the scattered distribution of wetlands, 
particularly in arid  regions where suitable breeding sites are  sparse 
(Dayton and Fidgeral, 2006). 
In desert areas, natural aquatic habitats are  scarce and consist 
mainly in  temporary waters of unpredictable ﬁlling and desicca- 
tion. The  hydroperiod (duration of water) of these habitats inﬂu- 
ences  the  duration  and  the  success  of   the  larval  phase  in 
amphibians. Thus,  desert species are  usually explosive breeders 
which  use   temporary  or   ephemeral  breeding  sites  following 
sudden rainfall (Low,  1976). In  these habitats, only  species with 
short larval periods can  complete their development. Their  pop- 
ulations may ﬂuctuate in size  largely due to the unpredictability of 
the breeding habitats, commonly supporting years without repro- 
duction or episodes of high larval or clutch mortality due to  early 
desiccation (Mayhew,  1965; Newman, 1987; Tevis,  1966). Addi- 
tionally,   desert  anurans  are   characterized  by   big   male  chorus 
activity,  which helps other males and females to locate available 
breeding sites (Sullivan, 1982). The  stochasticity of these habitats 
favours a negative selection of site  philopatry and a greater selec- 
tion for continued individual dispersal (Chan and Zamudio, 2009). 
In  semi-arid southeastern  Spain, the availability of  natural 
habitats as  breeding sites is  limited mainly to  episodic  pools of 
unpredictable  duration  following heavy rains. The  steadiness  of 
these water bodies varies according to their substrate and their 
location, but  they often dry  up  fast.  Other aquatic habitats associ- 
ated to  human activities, mainly irrigation pools and troughs, are 
frequently reported as amphibian breeding sites where water may 
remain for long  seasonal periods or even permanently (González- 
Miras et al., 2003; Torralva  et al., 2005). The  availability of these 
artiﬁcial habitats explains the wide occurrence of a mainly aquatic 
species, P. perezi,  or even of B. bufo,  which usually breeds in 
permanent waters. 
By  contrast, in  natural habitats, where pond formation and 
hydroperiods are   uncertain or  unpredictable, only   species sup- 
porting high larval mortalities or  with short larval development 
may maintain long-term stable populations. Desert species are 
reported to be missing, and the closest to arid  specialized species is 
precisely the most abundant amphibian in these natural habitats, B. 
calamita. A fast  larval development is an advantage for amphibians 
in semi-arid zones. Such is typically the case with desert Scaphiopus 
tadpoles, which may develop as  fast  as  in  nine days (Newman, 
1987).  B.  calamita’s larval  period  ranges  from  1  to   2  months 
(Díaz-Paniagua et al., 2005), and is  the species of  shortest larval 
period in Europe. This species thus has a higher probability to breed 
successfully in  small and short duration pools than species with 
longer larval development. 
Other species in the area, like P. punctatus and D. jeanneae, may 
develop in similar periods, but  their capacity to colonize semi-arid 
zones must be constrained by other features, because they are  not 
as  abundant as  B. calamita. Even  though B. calamita has  a thicker 
dermis than the former species, a thick dermis is not considered to 
provide substantial differences in  water loss  among amphibian 
species (Wells, 2007) and, therefore, this species should have other 
advantageous behavioural mechanisms compared to other species. 
After  Oromí et al.  (2010),  B. calamita adults move exclusively at 
night following rain and are inactive in the absence of precipitation. 
They  can  move over long  distances of 3e4 km  (maximum 0.5 km/ 
day).  This  allows them to move from pond to pond when their 
breeding sites are  close  to desiccation (Miaud et al., 2000). 
The  capacity of  moving to  new sites is  an  advantage in  arid 
zones, where patchy populations are  common, with dispersal 
among patches compensating local  extinctions and favouring the 
maintenance of the population in a large patchy habitat (Bradford 
et al.,  2003).  Sudden  desiccation  of  breeding  pools frequently 
results in unsuccessful breeding episodes, with high mortality of 
larvae or clutches. Subsequent breeding attempts during the same 
season may eventually result in some annual reproductive output. 
This mortality pattern has  been observed in B. calamita in Almería 
pools,  where three different periods of  clutches were recorded 
from autumn  to  winter  after occasional heavy rain that  ﬁlled 
breeding sites. Intermittent ponds dried up  before the eggs  of the 
clutches could hatch or complete embryo development (recorded 
twice for more than 30  clutches in  a pond).  Still,  metamorphics 
(revealing successful reproduction) were recorded from clutches 
laid  in earlier episodes of pond ﬁlling (Guirado-Romero and Díaz- 
Paniagua, unpubl. results). Actually, although  explosive repro- 
ductive behaviour is recorded after heavy rain,  in  Almería pools 
adult males have been observed to remain near ponds waiting for 
the arrival of  females on  subsequent  occasions following rainy 
days in  order to  extend their breeding period (Guirado-Romero 
and Díaz-Paniagua, 1991). 
Thus,  B. calamita is the species best adapted to colonization of 
semi-arid habitats among the ones recorded in southeastern Spain 
for  its  short larval period, repetitive breeding to  compensate high 
egg and tadpole mortalities, and the ability to disperse to different 
breeding sites. This  proﬁle cannot be  found in  the other species 
with lower abundance in this area. 
 
3.2.  Generalist reptiles under restrictive ambient temperature and 
water availability 
 
Ecologically, the current reptile fauna in the region is generalist, 
and  the  sixteen  native  species are   typically Mediterranean  as 
regards habitat use.  In support of this statement, three out  of the 
ten species from the Iberian southeast which are  also  found in 
northwestern Africa  (Psammodromus  algirus,  Coronella girondica 
and Macroprotodon brevis)  dwell in mesic habitats of northwestern 
Africa,  not in semi-deserts. This  may be  because of a much richer 
reptile fauna in northwestern Africa, which are also well adapted to 
aridity  and  preclude,  perhaps  by   competition,  Mediterranean 
species to dwell in these arid  environments. 
For the reptiles in the southeast of the Iberian peninsula, the low 
average annual rainfall (extreme values of 170  mm in Cabo de Gata, 
Almería province) represents the extreme of their tolerance for this 
environmental variable throughout their Iberian range. In fact,  for 
some of them, it does throughout their entire range. Most of these 
non-desert  species withstand  the semi-arid conditions of  their 
habitats by ecological mechanisms, for example going deeper into 
the region through oasis-like habitats, following river courses and 
their riparian  vegetation  (Mauremys leprosa, Rhinechis scalaris and 
M. brevis; see  also  sections on  Mammals and Birds),  or  limiting 
themselves to isolated spots in northern slopes or at some altitude 
and,   therefore,    having  more   mesic  conditions   (B.   cinereus, 
C. girondica and Vipera  latastei). The remaining non-desert species 
occupy every biotope in  the region, including the harshest ones, 
like rock  outcrops or bare soil. Exposure to temperatures above the 
critical thermal maxima would however be  lethal for  reptiles. 
Therefore, some use  a behavioural mechanism, aestivation, to adapt 
themselves to the high summer temperatures. Although there is no 
compelling information, empirical evidence shows that for  large- 
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bodied species (e.g.  colubrids) the number of daily  records drops 
during the hardest aestival period in the region (July and the ﬁrst 
half  of August, because of restrictive conditions of environmental 
temperature  and water availability). This  decrease suggests less 
activity (Feriche, 1998). The  records at  midday just disappear, 
because species display a  bimodal daily  activity pattern  (Pianka, 
1986). The  observation of  the tendency towards aestivation only 
in  snakes is likely  to  be  due to their limbless morphology,  which 
couples body temperature  more closely to  that of the substratum 
than the morphology of lizards can  do  (Lillywhite, 1987). 
Temperature also  has  a major inﬂuence on  reproductive cycles 
in  reptiles, especially in  temperate environments. The  climatic 
conditions of  semi-arid southeastern  Iberia, with  a  short,  cold 
season,  also   offer   ectothermic  vertebrates  an   extended  annual 
period  of  activity and  reproduction.  Therefore, in   this  Iberian 
region, the  only   two  western  European reptiles  whose  males 
exhibit  vernal  spermatogenesis   (Malpolon monspessulanus and 
Hemorrhois hippocrepis; 3.6% of the western European fauna) are 
both widespread and abundant. These two species produce sper- 
matozoa in spring, just before mating, whereas the other western 
European species exhibit aestival spermatogenesis. Species with 
vernal cycles are restricted to warm regions, where a longer activity 
period allows completion of the reproductive cycle  of both sexes 
(spermatogenesis, vitellogenesis, mating, ovogenesis, laying and 
incubation) within a calendar year. The  two abovementioned 
colubrid species ﬁnd these environmental conditions in the Iberian 
southeast (Feriche et al., 2008). The extended annual activity period 
in  the region also  allows the largest lizard in  Iberia, T. lepidus, to 
start  reproduction two months earlier and breed twice within 
a calendar year instead of once, as is the case  in other regions of the 
Iberian peninsula (Mateo and Castanet, 1994). The  annual activity 
period of some reptiles in  the semi-arid southeastern Iberian 
peninsula seems to  be  currently extending in  response to  global 
warming, as has been recently demonstrated for M. monspessulanus 
(Moreno-Rueda et al., 2009). 
 
3.3.  Predation pressure and  breeding strategies 
 
Semi-arid zone ground-breeding passerines were reported in 
the 1990s to sustain high predation rates (60e90%  according to 
species, year and location; Suárez et al., 1993, 2009; Yanes  and 
Suárez, 1995, 1996a).  However,  the  effect of  such rates on  the 
breeding strategies and population dynamics is poorly explained 
and the small amount of data available are  mainly of larks in  the 
semi-arid southeast of the Iberian peninsula. 
The  effect of  predation on  the breeding strategies of  larks in 
southeastern  Spain has  been compared with that of  other non- 
ground nesting species of Iberia. After correction  of phylogenetic 
inertia, only  the length of  the nestling period proved signiﬁcant 
among the factors considered (clutch number and size,  egg  size, 
hatching asynchrony, etc.;  Yanes  and Suárez, 1997). The growth in 
the body mass of nestlings is close  to their physiological maximum 
(Shkedy and Safriel, 1992), but  the tarsus growth rate is even higher 
than that of the body mass (Suárez et al., 2009). The latter has  been 
interpreted  as   a  strategy  for   reduction  of  the  nestling period 
duration, so  nestlings can  leave the nest 7e9 days after hatching. 
Other reproductive factors may also affect the length of the nesting 
period and, thus, nest predation risk.  For example, low  clutch size 
and high asynchrony reduce total duration, although the effect of 
such factors on the annual breeding success of these multi-brooded 
species is  very low  even with high predation rates (Yanes  and 
Suárez, 1996b). 
All the major nest predators for  these species are   generalist 
predators (mainly canids, but  also  snakes, lacertids, mustelids and 
even rodents, Yanes  and Suárez, 1996a) and vary  widely between 
locations and years (Yanes and Suárez, 1996a; Suárez et al., 2009). 
For a fox,  predation of a nest during brooding means 1e2%  of its 
daily  food  requirement (Yanes  and Suárez, 1996a). It is therefore 
unlikely that foxes will  specialize on  this prey type. Rather, this is 
incidental predation and can  have an  impact on  these species’ 
conservation at high predation rates, as it is density-independent. 
This is a major issue in nature reserve management. Yanes  and 
Suárez  (1996a)  showed  in   a  nature  reserve  in   Cabo   de   Gata 
(Almería) that lack  of control on predators (mainly foxes and feral 
dogs) along with hunting bans resulted in a sharp increase in the 
population of rabbits and of the former predators, the rabbit being 
their main prey. Incidental predation increased nest mortality for 
Ch. duponti and other steppe passerines above the level  estimated 
for population viability. As a result, the protected species decreased 
sharply in  that area. At least the most representative species, Ch. 
duponti, continues to decrease today: the 1988 population, which in 
all  certainty amounted to at  least 46  singing males, plummeted 
from three to  four   singing males in  2008 (Suárez et al.,  2009). 
Indirect evidence, like the ratio of nests found per  search time, also 
showed that at least the other lark species had decreased sharply in 
density too  (Manrique and Suárez, unpubl. results). Nonetheless, 
the overall decline of the populations of Ch. duponti in southeastern 
Spain (even in unprotected areas where the increase of incidental 
predation is not expected) suggests the inﬂuence of other factors, 
like  population fragmentation (see  Laiolo  and Tella, 2006a; Vögeli 
et al., 2010). 
 
3.4.  Consequences of nest  site  limitation 
 
Nest  sites are  often assumed to  be  the primary constraint on 
populations of cavity-nesting birds (Li and Martin, 1991). The 
seemingly abundance of  holes in  ramblas and natural walls may 
make such resources appear to  be  unimportant for  population 
control and the community structure of semi-desert bird species in 
the study area. However,  not all  holes are  suitable for  birds. The 
holes which birds can use  are  not only  scarce but  they also occur in 
speciﬁc, small areas. Nest  site  limitation has  been shown for  the 
European roller Coracias garrulus in the Desert of Tabernas (Alme- 
ría),  where they breed mostly in natural holes in cliffs. A nest box 
installation program increased the population of rollers by 56% in 
four  years during which natural holes were still  used too  (i.e. the 
population increase was not merely a change in the place of nest- 
ing)  (Václav  et al., 2011). 
Nest  site  limitation may inﬂuence the structuring of natural 
communities either directly or  via  interspeciﬁc  interactions  (e.g. 
predation, competition) and obliges bird species to adapt their 
behaviour to exploit scarce and ephemeral resources. 
Avian  communities are  noticeably more diverse in  dry  water- 
courses or ramblas than in shrub-steppes. This is due mainly to the 
presence of certain troglodyte species (e.g. Falco tinnunculus, Upupa 
epops,  Corvus  monedula, O. leucura,  C. garrulus,  Manrique, 1996, 
Yanes  and Delgado, 2006) whose distribution and abundance is 
often inﬂuenced by  the availability of  natural  cavities (Newton, 
1998),  since  they  have  a   limited  excavating  capacity.   In   this 
scenario, the occurrence of certain species has  a major impact on 
the  organization of   the  community.   Casas-Crivillé and  Valera 
(2005) studied the consequences of the excavating activity of the 
European bee-eater Merops  apiaster, a cavity-nesting species typical 
of arid  and semi-arid habitats. They  concluded that the bee-eater 
can  be  an  ecosystem engineer species in  semi-arid ecosystems: 
this  and  similar species may prove  crucial both  in  abiotic (as 
a  major bioturbating organism) and biotic processes (providing 
food  resources and nesting and roosting sites, and enhancing 
biodiversity), reinforcing the structure  of  the community and 
enhancing more complex food  webs. Moreover, the joint effect of 
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nest site  constraints and high bird density caused by aggregation of 
holes (e.g.   dozens of  pairs of  Rock  sparrows  Petronia petronia 
breeding within a  short distance as  a  result of  the excavating 
activity of  bee-eaters,  Casas-Crivillé and  Valera, 2005) may have 
additional consequences at  the community,  population and indi- 
vidual level.   Valera et al.  (2003) recorded  interspeciﬁc parasite 
exchange in  a  mixed colony of  M.  apiaster and P. petronia,  and 
stressed that such scenarios are  especially suitable for research on 
apparent competition mediated by shared parasites (e.g. Tompkins 
et al., 2000). 
Certain species have overcome nest site  limitation by  some 
species using remarkable behavioural adaptations to new condi- 
tions. Exclusively troglodyte species that  prefer to nest  in  tree 
cavities perform  major  changes  in  basic   behaviour patterns  to 
exploit their habitats. For  example, the Green woodpecker  Picus 
viridis,  a species characteristic of  thickets and sparse forests, has 
been recorded to nest in  burrows excavated in  rambla walls  of 
shrub semi-desert (Soler  et al., 1982). 
Thus,  it is generalist species that exploit semi-arid ecosystems. 
These species have adapted anatomically or  ethologically and can 
therefore use  resources that are  scarce and ephemeral in time and 
in  space. They  have: i) strong trophic adaptability (V. vulpes); ii) 
little morphological specialization, which allows them to  exploit 
resources of a variety of habitats (slow hawking bats, P. austriacus); 
iii) pre-adaptations, which allow them beneﬁt from breeding areas 
that are  not suitable for  other species (ephemeral and scattered 
ponds), such as  a  short larval period and repetitive breeding to 
compensate mortality of clutches and larvae (B. calamita); iv) the 
ability to  avoid the least favourable periods by  means of  behav- 
ioural mechanisms (aestivation) while beneﬁtting from the mild 
winters typical of most of this region (extension of the reproductive 
period and sporadic activity during winter,  T. lepidus); and v)  in 
birds, for  example, the intense nest predation that is common in 
these habitats is avoided by reducing the nestling period duration 
(by  fast  growth), or  the problems caused by a shortage of nesting 
sites are  solved by behavioural adaptations (P. viridis). 
 
4.  Conservation and management 
 
Steppic and semi-desert ecosystems are endangered worldwide, 
many of  them for  the same reasons, ranging from conversion to 
arable land to overgrazing or forestry (Laiolo  and Tella, 2006b; 
Sánchez-Zapata et  al.,  2003).  Most  of  these threats  ﬁnd  their 
origin in the widespread negative view of this type of habitat and 
the recent changes in  the economic possibilities offered by semi- 
arid   lands (Suárez et al., 1991,  1996; Yanes  and Delgado, 2006). 
Iberian semi-arid areas and, particularly, the ones of southeastern 
Spain, are  a clear example of such changes and of their conse- 
quences. During the ﬁrst half  of the last  century,  traditional land 
use  in  this area included economic exploitation of  S. tenacissima 
and dry  cereal farming combined with extensive sheep and goat 
farming. In some areas, mainly along the ramblas, small orchards of 
orange, olive and almond groves were cultivated (Suárez et al., 1991, 
1996; Yanes  and Delgado, 2006). 
Starting the second half of the 20th century, exploitation of Stipa 
and cereal farming became unproﬁtable. Instead, Agave and Pinus 
spp.  plantations were fostered (similar to  current  plantations  of 
Opuntia and Eucalyptus trees in  pre-desert areas of the Maghreb, 
Suárez, pers. obs.).  The advent of mechanised farming in the 1960s 
brought about drastic changes. From  1960 to the end of the 1980s 
the surface devoted to  dry  cereal farming decreased by one-third, 
while irrigated land doubled in  size  and the almond plantations 
increased almost nine times (Manrique and De Juana, 1991). At that 
time, the intensiﬁcation of  agriculture was identiﬁed as  a  major 
threat on  the conservation of this ecosystem, and replacement of 
low  intensity dry cereal farming by almond tree plantations and/or 
irrigated cultivations was suggested to be  the most detrimental 
factor. These changes resulted in  a widespread decrease in  the 
population levels of most of the bird species associated with steppic 
and semi-arid habitats (Manrique and De Juana, 1991). A change in 
the amphibian fauna in the last  century also  occurred. The drastic 
increase in cultivated areas and the abandonment of sheep and goat 
farming, the latter of which resulted in  the regeneration of scrub 
and loss   of  ponds and  drinking-troughs, caused a  decrease in 
species with low dispersal capacities breeding in natural temporary 
habitats. By contrast, the construction of irrigation ponds in these 
areas seems to have beneﬁted amphibians associated with 
permanent waters (P. perezi).  The  main management recommen- 
dations at  that time were to increase the protected surface and to 
encourage extensive cereal farming (Manrique and De Juana, 1991). 
In the 1970s and 1980s the low  availability of water prevented 
land use  change and agricultural intensiﬁcation in  many places. 
Therefore,  large rather  unproﬁtable  areas were common (aban- 
doned cultivation grounds, Stipa ﬁelds). By contrast, plastic farming 
increased exponentially in those areas where water was available 
(mainly underground). In  this regard, two phases can  be  distin- 
guished: i) small-scale privately funded plastic farming; and ii) 
settlement of  large  agrifood companies  at  the end of  the  last 
century, which had a large impact on  the area. The  simultaneous 
growth of urban areas and leisure tourism starting at the turn of the 
century  altered  large  extensions  of   semi-arid   landscape.  The 
changes  produced  by   the  latter  phase can   be   shown  by   the 
increased per  capita income in  Almería over the last  few  years, 
which climbed to  top   positions after decades of  ranking as  the 
poorest province in Spain. Consequently, southern Spanish shrub- 
steppes  have decreased considerably more than  other  Spanish 
steppes in the last  few  decades (Laiolo  and Tella, 2006a,b; Suárez, 
2010). 
Two  recent threats on  Spanish steppes and semi-arid ecosys- 
tems can   be   added: i)  industrial  activity like   mining, rubbish 
dumps, and wind industry reduce the range of steppes and semi- 
deserts and create new disturbances to the ecosystem (e.g. 
increased predation or casualties at wind turbines, Laiolo and Tella, 
2006a,b); and ii) recent large-scale irrigation plans. The  increased 
water  availability resulting from new  desalination plants  and 
transfer from other hydrographic basins will  alter land use 
dramatically, with an  increase in  land devoted to  plastic farming, 
urbanization and leisure tourism. This  may reverse the abandon- 
ment of marginal-low productivity areas documented by Laiolo and 
Tella   (2006a,b).  Habitat loss   at   a  large scale   would  have  very 
negative consequences on  the distribution, size,  persistence 
(Driscoll, 2004)  and  communication  systems  (Laiolo   and Tella, 
2005) of natural populations. 
Other threats that could act  locally are  the abandonment of the 
already scarce sheep farming, the occurrence of  invasive species 
(Pleguezuelos et al., 2002), the destruction of cliffs and ramblas in 
favour of modern infrastructures, human vs.  wild vertebrates 
competence for  water and the increase in trafﬁc casualties due to 
the development of the road network. 
In general, today’s threats on  the conservation of southeastern 
Spanish semi-arid areas are  very different from those on  the pre- 
Saharan areas of  the Maghreb, where droughts, overgrazing, 
fumigation against locust plagues or  plantations of  Opuntia and 
Eucalyptus trees are  the major menaces. 
 
4.1.  Management recommendations 
 
Conservation of steppe and semi-arid ecosystems in  Spain 
requires major management measures, the most important being: 
i)  an  increase in  protected habitat and a  network of  connected 
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steppelands and semi-deserts encompassing badlands in  the 
provinces of Jaén,  Granada, Murcia and Almería (Laiolo  and Tella, 
2006b). Only  8% (4000 has.)  of the most important area covered 
by semi-deserts in Almería province were legally protected in the 
early 1990s (Manrique and De  Juana, 1991). Conservation efforts 
supporting key  species like  Ch. duponti could protect a large 
community of  other threatened birds (Laiolo  and Tella,  2006a,b; 
Suárez, 2010); ii) proper regulation of human activity. Illegal 
activities (changes in  land use,  illegal greenhouses, over exploita- 
tion of underground water, urbanization) are  often passively 
accepted or ignored by the administrations. Rural poverty may have 
been argued as a justiﬁcation in the past, but  this argument is less 
and less valid; iii) a new public view of the ecological value of semi- 
arid  habitats. The negative view of the value of this habitat type is 
widespread and  deep-rooted  in  Spain, both  for  economic and 
‘ecological preferences’ (Suárez et al., 1991). Effective education, 
dissemination and compensation measures are  needed here; and 
iv) a better knowledge of how ecosystems work is fundamental for 
conservation and management purposes. This  is  particularly the 
case  in semi-arid habitats, which are  specially fragile and sensitive. 
It is important to  identify key  species and to implement adequate 
management measures, to alleviate the negative effect of human 
activity and to avoid undesirable consequences like  the ones 
described above. 
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